A complete model of CHT rotational excitation

including radiative and chemical pumping processes
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Introduction

Orion Bar NGC 7027
ny Tk nH Tk
OI (°P1-°Py), CI (°P1-°Py), . .
5 x 10 2% 10
CT (*P3/2->P1/2), Ha S(1)
CO (J <9) 10° 85 | 2x10° <100
BCO (J = 9), CO (J > 11) 107 120 | 2x10° 200
OH (*I1,/2,%13/2)
7 6
CH* (J < 6) 10 200 | 2x 105 1000
CO™ (252 — 13/2) > 10° > 10°

interclump medium

+

large density gradients/clumps




radiative pumping

MADEX - LVG model

spherical /plan-parallel cloud

external radiation field

> default : local ISRF
> scaling : T', B, T, x
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Ct4+Ha(v',J') — CHY (v, J)+H
others : o< (2J + 1)exp(—Es/Tk)

rate (10'11 cm® s")

chemical pumping

formation

destruction

o CH"(J) + H
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explor

ation of parameters

parameter domain

[Ho] = 0.5
[e7] =107
nu = 107
Tx =10
xar = 103
Xnir — 10°
Xopt = 102

—10° c¢cm™3
— 5000 K

— 108

_ 1010
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exploration of parameters

requirements to activate the radiative pumping

near-infrared pumping optical pumping
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exploration of parameters

requirements to activate the radiative pumping

near-infrared pumping optical pumping
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no interstellar clouds with these conditions J




the Orion Bar PDR

physical conditions chemical profiles

angular size (")
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Application the Orion Bar PDR
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Application the Orion Bar PDR
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o chemical pumping dominant : J > 3 — 2



Application the Orion Bar PDR
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Application the Orion Bar PDR
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o chemical pumping dominant : J > 3 — 2
o Zanchet’s rates : >30% on J >5—4



Application the Orion Bar PDR

In(Fiv*g,,)
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o chemical pumping dominant : J > 3 — 2

o Zanchet’s rates : >30% on J >5—4

o radiative pumping inefficient



Application the Orion Bar PDR
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physical conditions

ng =2 x 10° cm ™3

Xnir = 2 X 10°
Xopt = 4 x 10%
carbon rich

[C]=13x1073

abundance relative to H
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Application NGC 7027
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Application NGC 7027
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o chemical pumping dominant : J > 5 —4

o collision withe™ : J <4—-3



Application NGC 7027
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NGC 7027

Application
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Application NGC 7027

6 | A i
~ 8 @ ]
< )

S 10| 1
£

12 | ¢ 1

L A

-14 L L L ‘.

0 200 400 600 800 1000
Eup (K)

o chemical pumping dominant : J > 5 —4
o collision withe™ : J <4 -3

e radiative pumping inefficient



Application NGC 7027

6B Cernicharo et al. (1‘997) O |
Wesson et al. (2010) O
2 8¢ =} |
(o))
v g
= 10 | ]
£ g
12 f g 1
.
_14 L L L ‘.
0 200 400 600 800 1000
Eup (K)

o chemical pumping dominant : J > 5 —4

o collision withe™ : J <4 -3

e radiative pumping inefficient

o density 10 times smaller than previous models
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Conclusions

Summary

@ species sensitive to chemical pumping
> short lived molecules : e.g. CHT, COT (7), ...
> state-specific rate constants are important
» CH™ rotational lines explained in low density medium
@ species sensitive to near-infrared pumping
» HF, HCI for xpnir > 10* x (ng/10%)2/7
@ species sensitive to optical/uv pumping and photodissociation

> Si0, HCI, CS, and CO for Xopg/uy = 103

Open issues - Future contributions

@ extension to ...
> polyatomic molecules : metastable lines of NHg

> other ground-state configurations : OH (2II) and COT (2%7)
D



